The membrane surrounding the oil body contains several different specific polypeptides. To study the biosynthesis and posttranslational modification of these polypeptides we have prepared monoclonal antibodies against purified oil bodies of soybean (Glycine max). Three of the five monoclonals selected recognize a molecular mass 34 kilodalton protein (P34). Epitope mapping of CNBr and proteolytic fragments of P34 indicates that two of the anti-P34 monoclonal antibodies are directed at different epitopes. P34 is accumulated during seed maturation at the same time as the reserve proteins and oil. SDS/PAGE-immunoblots of germinating soybean seed cotyledons indicate that the protein is initially present as a molecular mass 34 kilodalton polypeptide and is processed to molecular mass 32 kilodalton on the fourth through sixth days of seedling growth simultaneously with the onset of oil mobilization. A comparison of reduced and carboxymethylated oil body proteins with nonreduced proteins by SDS/ PAGE indicates that P34 exists in vivo as a dimer of molecular mass 58 kilodalton. Comparing the amino terminal sequences of P34 and P32 indicates that their difference is at least in part due to the removal of the amino terminus of P34. The amino terminal sequences of P34 and P32 were aligned to show that the transition of P34 to P32 was accompanied by the removal of a hydrophilic decapeptide (KKMKKEQYSC) at the amino terminus of P34.
P34 and P32 indicates that their difference is at least in part due to the removal of the amino terminus of P34. The amino terminal sequences of P34 and P32 were aligned to show that the transition of P34 to P32 was accompanied by the removal of a hydrophilic decapeptide (KKMKKEQYSC) at the amino terminus of P34.
Hopp-Woods hydrophilicity analysis of the deleted amino terminus of P34 shows that it is more hydrophilic and charged than the sequence of the protein which immediately follows.
The reserve oils of seeds are packaged into discrete organelles termed oil bodies which consist of a triglyceride core bounded by a monolayer of phospholipids (18) into which are embedded a few distinct polypeptides (12, 16) . The major oil body membrane proteins, termed oleosins, of maize (16 kD oleosin; 15) , soybean (24 kD oleosin; 4) , and rape (20 kD oleosin; 13) share common biochemical properties. Their amino acid compositions indicate that each of these proteins is enriched in neutral amino acids and is relatively deficient in sulfur amino acids. A nearly complete deduced amino acid sequence of maize 16 kD oleosin has been published (17) . ' 
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Subsequently a tryptic peptide fragment ofthe 20 kD rapeseed oleosin has been shown to be homologous to maize 16 kD oleosin (14) suggesting that the major oil body proteins of both monocotyledon and dicotyledon plants may have a common ancestor. In addition to the major protein, each oil body examined has been shown to contain a number of minor polypeptides (4, 12, 15, 16) . Soybean oil bodies, for example, have 34, 18, and 17 kD polypeptides (4) . Very little is known about the characteristics or function of the minor oil body proteins.
As a part of an ongoing research program on soybean oil bodies we have elicited monoclonal antibodies against soybean oil bodies. By modifying the selection protocols we have obtained specific probes appropriate for a variety of assays. Using the specific antibodies directed against the 34 kD polypeptide P34, we observed that it undergoes developmentally regulated processing. In this paper we show that P34 is processed to a molecular mass 32 kD protein (P32) during seedling growth and that this processing apparently results from the removal of the first 10 amino acids of P34 from its amino terminus.
MATERIALS AND METHODS

Plant Material
Soybeans (Glycine max Merr. cv Forrest and Century) were maintained in a greenhouse as described previously (4) . Maturing soybean seeds harvested from pods were staged based on the fresh weight of the seed (1 1). Germinating seeds were obtained by sowing seeds in moist vermiculite and incubating the seeds in the dark at ambient room temperature.
Monoclonal Antibodies and Immunological Assays Immunization and Fusion
Soybean oil bodies were isolated as described by Herman (4) Immunoblots. SDS/PAGE of isolated oil body proteins or total cotyledon proteins was performed with 11% resolving gels and 5% stacking gels using the Laemmli discontinuous buffer system (9) . Gel-fractionated proteins were blotted onto nitrocellulose paper in 25 mm borate (pH 8.2) 20% (v/v) methanol buffer containing 0.05% thioglycolate in a tank electroblot apparatus (Hoeffer) operated at 1 A at 1 5C for 90 min. The nitrocellulose blots were blocked with either BLOTTO-Tween or 3% (w/v) gelatin in TBST. The blots were then immunolabeled with 1:25 to 1:200 dilutions of the culture supernatants in either BLOTTO-Tween or 1% (w/v) gelatin in TBST. Immunolabeling with culture supernatants was usually done overnight at room temperature. Immunolabeling nitrocellulose blots with ascites antibodies was accomplished by 1:10,000 dilution in either gelatin TBST or BLOTTO-Tween for 90 min at room temperature. In some instances the blots were incubated in Hoeffer multiple channel apparatus to compare the immunolabeling pattern ofdifferent cell lines on the same antigen. In some experiments replicate blots were labeled in parallel with rabbit anti-24 kD oleosin serum (4) diluted 1:5000 in either 1% gelatin-TBST or BLOTTO-Tween overnight at room temperature. AntimouseIgG-alkaline phosphatase or antirabbit IgG-alkaline phosphatase (Sigma) diluted 1:1000 for 90 min at room temperature was used as an indirect label. Alkaline phosphatase activity was visualized with the chromogenic substrates BCIP and NBT (Sigma).
Developmentally staged samples for SDS-PAGE-immunoblots were obtained by staging maturing soybean seeds by 342 HERMAN ET AL.
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OIL BODY PROTEIN PROCESSING fresh weight (1 1) . Cotyledons were excised from the seeds and ground in a mortar at a ratio of 1 mg of tissue to 10 yL of SDS sample buffer containing 5% (v/v) mercaptoethanol, then heated in a 100°C water bath for 5 min. The samples were then centrifuged for 5 min in a Brinkman microfuge, and 5 ,uL of the resulting supernatant were used in each gel lane. Samples are prepared as constant weight in sample buffer in order to show the changes in the relative quantity of antigens in the total cotyledon mass. Samples from cotyledons of germinating seeds after 1 to 9 d of seedling growth were obtained by grinding three cotyledons from three different seedlings in a total of4.5 mL of SDS-sample buffer containing 5 % (v/v) mercaptoethanol. The samples were heated to 100°C for 5 min and centrifuged for 10 min at 10,000 rpm in a Sorvall RC-2b centrifuge and SS-34 rotor. A 10 ,uL aliquot (0.0066 cotyledon) from each sample was analyzed by SDS-PAGE-immunoblots. Samples prepared in a constant volume were used to show changes in the quantity of antigens on a per cotyledon basis.
Hybridoma Clones and Purification of Antibodies
The hybridoma cell lines were expanded as in vivo ascites tumors or in vitro in tissue culture with RPMI 1640 medium supplemented with 10% (v/v) fetal bovine serum. Ascites from cell lines secreting monoclonal antibodies P3E1 and P4B5 (see below) were immunoaffinity purified on a Sepharose 4b column prepared by coupling 20 mg of carboxymethylated oil body proteins in 5% (w/v) SDS, 50 mm sodium borate (pH 8.2) to CNBr-activated Sepharose 4b. The excess SDS was removed and the remaining active functional groups on the Sepharose inactivated by exhaustively washing the column with TBST. Anti-mouse IgM-Sepharose 4b columns (Sigma) were used to purify MAbs P2D3 and PlA9. Ascites supernatants were diluted 1:2 with TBS and applied to the column, recycling the solution five times. The column was washed with TBS until A280 nm was zero. The antibodies were eluted with 0.1 M glycine, 0.15 M NaCl (pH 3). The eluate was immediately neutralized with 1 M Tris-HCl (pH 7.4). The immunoaffinity purified IgMs were dialyzed against two changes of 1000 volumes of PBS prior to coupling to cynogen bromide activated Sepharose 4b column material.
Carboxymethylation of Oil Body Proteins
Oil bodies were isolated from imbibed soybean seeds as previously described (4) . Oil bodies were extracted with acetone and with 2:1 chloroform:methanol to remove organic soluble material. The oil bodies were then pressed dry in several layers of Whatman No. 3 paper and immediately dissolved in 6 M Guanidine-HCl, 1 mM EDTA. DTT was added to a final concentration of 10 mm, and the solution incubated at 37°C for 1 h to reduce the proteins. In order to block sulfhydryl groups, sodium iodoacetate was added from a 0.1 M stock solution to a final concentration of 25 mm, and the sample was then incubated for 1 h. The reaction was terminated by adding mercaptoethanol to a final concentration of 1%. The sample was then dialyzed exhaustively against 50 mM ammonium bicarbonate containing 0.01 % (v/v) thiodiglycol. After dialysis the sample was lyophilized.
CNBr and Proteolytic Cleavage and Epitope Mapping
The single dimension peptide mapping protocol of Cleveland et al. (2) , modified for immunoblotting, was used for epitope mapping. Carboxymethylated oil body proteins were dissolved in 70% formic acid. CNBr was added to 10 mg/mL and the sample incubated overnight. The reaction was then terminated with the addition of 10 volumes of distilled water and the sample lyophilized. CNBr fragments were dissolved at 1 mg/mL in SDS sample buffer. Stock (Table I) . The second category of antibodies were IgGs which were positive on ELISAs and dot blot assays but which also recognized a molecular mass 34 kD polypeptide on immunoblots (see below). These cell lines were called P3E1, P4B5, and P2C1 1 (Table I) .
To determine which oil body protein the IgM MAbs recognized, native oil body proteins were solubilized with octyl glucoside. The solubilized proteins were separated from insoluble material by centrifugation and then passed over MAb P2D3 or PlA9 Sepharose-4b columns. After washing the unbound proteins from the column the specifically bound proteins were eluted by pH 3.0 buffer. SDS/PAGE-immunoblot analysis of the protein eluted from the P2D3 and PlA9 columns showed that both MAbs bound the 24 kD oleosin. Figure 1 shows the results obtained from this experiment with MAb P2D3. We conclude that both P2D3 and PlA9 are directed against an epitope of24 kD oleosin which is abolished by denaturing with SDS. We have not yet been able to establish whether MAbs P2D3 and PlA9 are directed at the same or at different epitopes of 24 kD oleosin.
Epitope Mapping
The epitope specificity of the three monoclonal cell lines which are positive for the denatured P34 was examined on immunoblots of partial hydrolysis products of reduced and carboxymethylated oil body membrane proteins (Fig. 2) . Based on the amino acid composition (Table II) (Fig. 2, lane 3) . Slightly smaller Staph. V8 fragments of 15.5 and 13 kD were labeled with P3E1 or P4B5, respectively, but not both (Fig. 2,  lanes 3 and 4) . Thermolysin digestion patterns also show that MAbs P3E1 and P4B5 are directed at separate epitopes (Fig.  2, lanes 5 and 6) The P34 band from electroblots of preparative SDS/PAGE was analyzed for amino acid composition (Table II) . Based on Mr = 34,000 from SDS/PAGE, the best fit was calculated to be 317 amino acids totaling 34,201 D. The amino acid analysis indicates that the protein has 11 sulfur containing amino acids, 7 cysteines and 4 methionines per polypeptide.
The protein also contains abundant glycine, alanine, and leucine. The overall hydropathic index (GRAVY) by the Kyte-Doolittle method (8) is -0.69, which is more typical of soluble proteins than of membrane proteins of similar estimated chain length.
P34 Appears as a Dimer in Unreduced Samples
The relatively high cysteine content (seven residues per subunit) suggested the possibility that P34 may be cross-linked by disulfide bridges. In order to examine this possibility, the relative molecular mass of P34 was examined with and without sulflhydryl reduction. Denatured oil body proteins from imbibed seeds were compared with reduced and carboxymethylated proteins by SDS/PAGE. In nonreduced samples of oil body proteins the P34 band had an apparent molecular mass of 58 kD (Fig. 3) , indicating that P34 may be configured as a dimer in the oil body. The P34 polypeptide is the only one of the oil body polypeptides that shifts in Mr to a larger apparent molecular mass under nonreducing conditions.
Accumulation of P34 during Seed Maturation
The developmental accumulation of P34 was examined with SDS/PAGE-immunoblots during seed maturation (Fig.  4) . Soybean (cv Century) seeds were staged by fresh weight; the molecular mass distribution of the polypeptides at each stage of seed maturation (Fig. 4a) and immunolabeling of P34 by MAb P3E1 (Fig. 4b) Figure 3 . A SDS-PAGE comparison of reduced and unreduced oil body protein isolated from imbibed seeds is shown. The reduced sample has molecular mass 34, 24, and 18 kD polypeptides. In the unreduced sample the molecular mass 34 kD is absent, and the polypeptide is apparently shifted to molecular mass 58 kD (arrow). In contrast, the other polypeptides in the unreduced sample do not exhibit a Mr shift.
Apparent Shift in Mr of P34 during Seedling Growth A developmental series of cotyledons (cv Century) from d 1 through 9 of seedling growth was analyzed by SDS/PAGEimmunoblots in order to examine the fate of P34 during the onset of oil mobilization. Figure 5 , a and b, shows the total polypeptide pattern in an amido black stained blot and a replicate immunoblot probed with MAb P3EL. The immunoblot shows that after imbibition the polypeptide immunoreactive with MAb P3E1 has a molecular mass of 34 kD. After 4 d of seedling growth the P34 band appears to shift to molecular mass 32 kD, with a complete conversion to 32 kD after 6 d of seedling growth. This 32 kD polypeptide is termed P32. Similar results have been obtained with cv Forrest except that the shift in Mr occurs on d 3 through 5 ofseedling growth. The inset immunoblot (Fig. 5c) shows the detail of the processing of P34 on d 3 through 5 in a cv Forrest sample of total cotyledon proteins. Note that the conversion of P34 to P32 results in two well resolved bands of the precursor and product. We conclude that this may indicate that the processing step occurs without the accumulation of intermediate mol wt species which would be expected to result in a diffuse overlapping of the P34 and P32 bands.
Carboxymethylated Oil Body Proteins from 1 and 7 d Seeds
The apparent molecular masses of soybean oil body proteins isolated from cotyledons of 1 and 7 d old seedlings were compared. Total oil body proteins were reduced and carboxymethylated prior to fractionation by SDS/PAGE. The 1 and 7 d old samples were run in alternating lanes in order to directly compare differences in polypeptide Mr. The side by side comparison of 1 and 7 d oil body proteins clearly shows that the P34 of 1 d seeds is completely replaced by P32 in the 7 d sample (Fig. 6) . Further, these results indicate that P34 is the only protein which undergoes such an Mr shift during this developmental period.
Amino-Terminal Sequence of P34 and P32
The amino terminal sequences of both P34 and P32 were determined and compared. In order to minimize false glycine The amino terminal sequence for P34 carries a high positive charge, with six basic and two acidic amino acids among the first nine residues. In contrast, the amino terminal sequence of P32 has two acidic and no basic amino acids among the first nine. The amino terminal sequence H-P-P-A-S-A of P32 is found within P34 demonstrating that P34 is the precursor for P32. This is also indicated by the immunoreactivity of P32 with MAbs P3El and P4B5. However, the amino acid preceding the sequence -H-P-P-A-S-A does not match in the two cv Century samples, with a W (tryptophan) in P34 and D (aspartic acid) in P32. The signals on the chromatograms were 11.5 pmol for W and 20 pmol for D, which were sufficient to identify each respective amino acid. However the amino acid sequence of P32 does properly align with a P34 sample from cv Forrest. The sequence of a cDNA clone of P34 isolated from an expression vector library shows a D in the position in question and only a single -H-P-P-A-S-sequence (6a).
It appears that in a fraction of the P32 sequenced, the aspartic acid amino terminus was missing and that the P32 sequence began with the histidine shown at position 2. Cycles 2, 4, 7, and 10 of the P32 amino acid sequence contain a small amount of the amino acid of the following cycle. This may indicate that the processing step which converts P34 to P32 produces two different amino termini corresponding to amino acids 1 and 2 on P32. The 10 amino acids which are removed from P34 to form P32 correspond reasonably closely in molecular mass to the 2 kD difference estimated on SDS/ PAGE-immunoblots. Although the removal of this decapeptide appears to be sufficient to account for processing to P32 
P32 (Century) X = no amino acid called on that cycle. it is possible that carboxyterminal processing may also occur. We have not yet examined P34 and P32 for an identical carboxyterminal amino acid. The first 10 amino acids of P34 are highly charged compared to the -H-P-P-A-S-A sequence that follows. Hopp-Woods hydrophilicity plot (5) ofthe amino terminus of P34 using a 6 amino acid averaging length clearly shows the hydrophilic character ofthe 10 amino acid segment which is removed compared to the less hydrophilic sequence which follows (Fig. 7) . The apparent cleavage site in P34 between amino acid 10 No function of the apparent conversion of P34 to P32 has been elucidated. It is tempting to hypothesize that the removal of the P34 amino terminus is correlated with a particular developmental event involving the oil bodies. The processing does occur simultaneously with the initiation of glyoxysomemediated oil mobilization; however, the present results do not provide evidence of linkage between these events. The removal of a highly charged amino terminal sequence could Figure 7 . A hydrophilicity plot of the 25 amino acids sequenced in P34 and P32 and reconstructed as a single polypeptide. A moving window averaging of 6 amino acids was used to plot the Hopp-Woods hydrophilicity. Note that the first 10 amino acids are hydrophilic while the following segment of the polypeptide has a hydrophilicity index close to 0. The apparent processing site of conversion of P34 to P32 is indicated by an arrow, which corresponds to the minimum hydrophilicity of this part of the polypeptide. have a specific function, such as recognition, or activation of an enzyme precursor, or alternatively it may simply be the result of hydrolysis of the exposed portion of the polypeptide by cytoplasmic proteolytic enzymes. Based on the hydrophilicity analysis of the amino terminus of P34 it would be expected that this portion of the molecule should be exposed to the aqueous cytoplasm and therefore more accessible to a processing enzyme. We are currently considering the possibility that the amino terminal processing of P34 could be mediated by one of the cytoplasmic aminopeptidases which have been characterized in many different plants. Only P34 shifts Mr at this developmental stage, and it is the only one of the soybean oil body proteins that is not blocked on the amino terminus (our unpublished results). We have synthesized the peptide corresponding to the first 10 
